Abstract. The Crystal Barrel experiment has continued its program to clarify the nature of low mass resonances. Results from high multiplicity nal states, nal states containing kaons (partly rendered possible by a hardware upgrade -a silicon microstrip detector), and annihilation in ight (in which the rest frame energy is extended up to 2.4 GeV) are presented. In addition, several tests of chiral perturbation theory, using pp annihilation as a meson factory, are summarized.
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ANNIHILATION AT REST
The Crystal Barrel experiment has accumulated very large data samples in a large number of nal states in the gluon-rich environment of pp annihilation. Partial wave analyses of individual nal states, or coupled channel analyses of several nal states 1] have led to the observation of several scalar states: the isoscalar states f 0 (1370) and f 0 (1500), as well as the isovector state a 0 (1450). The determination of the coupling of these mesons to kaonic nal states is of fundamental importance to establish their nature.
In order to strongly enhance the capability of the Crystal Barrel detector to trigger on events containing secondary vertices (i.e. K S ! + ? ), a silicon microstrip detector was built to closely surround the target region 2]. In addition to enhancing the statistics of events containing one or more kaons by a factor of 100 over minimum bias data, the detector also improves the momentum resolution of charged particles by 40 %. A total of 3.5 M events containing a K S or a with di erent targets was recorded, leading to statistics of about 50 k events per three-body nal state containing a K S . A rst analysis depending on this detector is a measurement of the Pontecorvo reactions pd ! K 0 and pd ! K 0 . These reactions can be observed in the Crystal Barrel for both K S and K L , and for both charged and neutral decay modes of the K S and the , thus allowing a good control of the systematic errors on the measured branching rations. Starting from a total of 4:6 10 6 triggers (corresponding to about 5 10 8 annihilations in lD 2 ), events containing secondary vertices coming either from K S or decays are selected. The resulting invariant mass spectrum is shown in Fig. 2a ). Requiring that no activity is observed in the calorimeter (i.e. from additional photons) leads to the K S and momentum distributions in Fig. 2b ) and c), in which the Pontecorvo reactions are visible. If instead, one photon is detected in the calorimeter, candidates are found, whose momentum distribution (Fig. 3a) indicates a signal at the expected momentum of 1090 MeV/c for the reaction pp ! K L . Indeed, selecting events with a momentum larger than 950 MeV,
and plotting the invariant mass shows a background-free signal (Fig. 3b) .
Also in the case of two secondary vertices from the reaction pp ! K S with no additional activity in the calorimeter, a signal for the Pontecorvo reaction pp ! K S is seen in the K S vs. momentum distribution of Fig. 3c ). Fig. 5b ). Discrepancies remain in the K + K ? spectrum around 2, 2.4 and 2.7 GeV 2 =c 4 . A fully satisfactory description of the Dalitz plot is only possible through the introduction of a (KK) P wave with at least one high mass pole, corresponding to !(1600), 0 (1680) or (1700). Although an attempt was made to t the structure around 1700 MeV with a scalar or tensor, neither possibility was accepted by the t, which clearly requires a vector meson in this mass range (the 2 =dof improves from 1.5 to 1.18 when including two poles in the (KK) P wave). Also the a 0 (1450) was proposed to the t (with xed mass and width), which can accomodate a rate up to 20 % without changing the quality of the t nor the contributions of the other amplitudes signi cantly. An upper limit for a 0 (1450) production and decay into K + K ? is incomplete due to the forward boost and incomplete angular coverage of the detector, a total of 4290 kinematically complete K + K ? 0 events could be selected out of a total event sample of 47 10 6 triggers (requiring the detection of two charged tracks). The Dalitz plot for these events (shown in Fig. 6a ) shows a number of structures which are included in the t. In the (K ) mass distribution, the only visible structures are the K*(892) and the K* 0=2 (1430).
In the (KK) mass distribution, there are enhancements around (1020) and f 2 (1270), as well as around 1500, 1700 and 1900 MeV. The quality of the t with the above resonances is visible in the mass projections in Fig. 6 b) and c). A second channel studied at 1940 MeV/c is the reaction pp ! 0 .
Here, 5832 events are selected from 7.7 10 6 events which were recorded by triggering on activity in the barrel only. The structures visible in the Dalitz plot (Fig. 7a) are associated with the a 0 (980) and the a 2 (1320) in the 0 projections, and the f 2 (1270) and the f 0 (1500) in the projection.
Since an adequate description of the a 0 (980)-crossing region, corresponding to high invariant masses is di cult, the t to the Dalitz plot is performed in two steps. In a rst step, only the region with m < 3:8GeV 2 is t. The above resonances give an acceptable t. Several further resonances (i.e. f J (1700);^ 1 (1440); a 2 (1650) ) were proposed to the t, but with the exception of the a 2 (1650), which improves the quality of the t, they are rejected. The comparison between t and data is shown in Fig. 7b ) and c). When extending the t to the full Dalitz plot, a further resonance with a mass of 2140 MeV and a width of 270 MeV is required in order to obtain an adequate description of the a 0 (980)-crossing region, although it is not yet possible to distinguish between spin 0 and spin 2. The resulting invariant mass spectra are shown in Fig. 7 . The second decay (into 3 0 ) is based on a larger ( 98'000 events) sample than the above reaction, and uses a di erent parametrization. Here, the amplitude of the transition matrix element M=A( ! 3 0 ) is parametrized as jMj / 1 + 2 z, where z = 2 = 2 max and is the distance from the center of the decay Dalitz plot. Fig. 8 b) shows the amplitude squared jMj 2 The rates of radiative meson decays can be predicted from SU(3) and the OZI rule 11], although these rates can be changed by SU(3) breaking by electromagnetism or quark masses 12]. In particular, the production and decay of the and ! mesons is coupled by the isospin breaking ! to transition.
The e ect of ? ! mixing is appreciable in processes with comparable and ! production. Crystal Barrel measures the ! ! branching ratio in two di erent reactions: pp ! 0 ! and pp ! !. Since the relative production branching ratios ( pp ! !)/ ( pp ! ) and ( pp ! 0 !)/ ( pp ! 0 ) are very di erent 15], ? ! mixing is expected to lead to di erent values for ! ! for the two ! production channels. Based on 7392 0 decays in several di erent reactions ( pp ! ! 0 , pp ! 0 0 0 and pp ! + ? 0 ), the + ? invariant mass distribution from 0 decays into + ? has been studied 19]. This dipion mass spectrum is dominated by the 0 , but an additional non-resonant contribution { which might be identi ed with the box anomaly expected from current algebra and chiral theories 20] { has been identi ed in a combined study of 9 existing data sets (with a total of about 8000 events). In addition to systematic e ects coming from combining a number of di erent experiments, any measurement of box anomalies relies on the model used to describe the meson. Two models of the meson (both giving a good description of the e + e ? ! + ? data) are used to t the dipion mass distribution of Fig. 10 . This spectrum is obtained by determining the number of 0 events for each 25 MeV/c 2 m( + ? ) mass window for each of the reactions in which Crystal Barrel observes the 0 . One then corrects for the dipion mass-dependent and reaction-dependent detection e ciency, and obtains the total number of 0 for that dipion mass window. For both parametrizations of the , the t to the data con rms the presence of a boxanomaly term in 0 decay to + ? at a level consistent with predictions from 21], and with a statistical signi cance (dependent on the parametrization used) of at least 4 . The presence of systematic di erences between the di erent reactions was also investigated; all di erences between the t results of the di erent subsamples are consistent with statistics only.
